Chinese white dolphins (Sousa chinensis) inhabiting shallow coastal waters are vulnerable to impacts from human activities in the near shore waters. This study examined the population of Chinese white dolphins occurring off the coast of Zhanjiang in the northern South China Sea. A total of 492 Chinese white dolphins were identified, 176 of which were photographed on more than one occasion. The Zhanjiang Chinese white dolphin population is isolated from populations of conspecifics along the Guangdong coast. It is composed of approximately 1485 individuals (95% CI 5 1371-1629; SE 5 63.8), with estimates of mean representative range and core area of 168.51 and 44.26 km 2 , respectively. The high site fidelity and long-term residence of Chinese white dolphins in the study area are well established. A review of all available data indicates that based on what is currently known, the Zhanjiang Chinese white dolphin population is the second largest of the species and genus in the world. However, the recent industrial boom along the Zhanjiang coast has increased concerns regarding the conservation of the Zhanjiang Chinese white dolphin population. We recommend the designation of a national nature reserve as a most urgent measure for protecting Chinese white dolphins in Zhanjiang waters.
Results
Survey effort and photo-identification. Across the 7-year (2005) (2006) (2007) (2008) (2009) (2011) (2012) ) study, 374 boat-based surveys were conducted, resulting in a total of 2310.14 survey hours and 4959 dolphin sightings. The study revealed an identical sighting rate of 0.27 (the number of groups/h of search effort 10 ) for two of the three principal areas: Nanping Island area in Leizhou Bay (NPL) and Dongli village area in Leizhou Bay (DLL). The sighting rate for the Nansan and the Donghai Islands area in and adjacent to Zhanjiang Bay (NDZ), 0.22, was slightly lower.
A total of 611 groups of Chinese white dolphins were sighted. The group size ranged from 1 to 35 individuals with a mean of 8.12 6 5.85 and a median of 7 individuals. Most solitary individuals were adult or elderly animals. Age classes were determined for all 4959 sighted dolphins. Most of the sighted dolphins were adult (n 5 1787, 36%) and subadult (n 5 2032, 41%). The 992 juvenile dolphins made up 20% and the 149 newborn calves were 3% of the total sighted individuals. In addition to the carcass of an adult recovered in February 2008 7 , a decayed adult carcass was found drifting in NPL on 6 August 2012.
From 
Validation of open model assumptions.
Utilization of an open model requires the validation of basic assumptions, the violation of which can lead to bias in parameter estimates 11 : (1) Capture and survival probabilities are the same for all animals (marked and unmarked) between each pair of sampling occasions (homogeneous survival). The pooled x 2 statistic (Test 2 1 Test 3) indicated that the assumptions of homogeneous capture and survival probabilities were not violated (GOF Test: x 2 5 175.74, df 5 26, P 5 0.0122); (2) Capture results in similar risks and fates for all individuals. With photo-identification techniques, animals were not subject to stress associated with capturing, handling, or physical marking by researchers; (3) Marks are recognized properly, unique (no twins), and do not change or become lost. To identify and catalog individuals, we used only good or excellent quality photos of dolphins showing permanent marks, so marks could be recognized and identified on each sighting occasion; and (4) Samples are instantaneous, and all individuals are released after capture. Photo-identification avoided problems of dolphins being captured or retrieved from the environment. To guarantee that all the dolphins in the area were captured and that the entire region was surveyed, 6 mo was used as the sampling unit, a relative short time compared with the dolphins' lifespan (30-40 yr).
Population abundance. Of the 8 models tested, the {w t P. b t } model appears to be the most appropriate and the one that best describes our data and accounts for the proportion of identifiable individuals (Table 1) . This model allows constant capture probability (P) and allows survival (w) and probability of entry (b) to vary with time. The proportion of identifiable individuals (all marked individuals) was 0.52, and the total population was estimated at 1485 (95% CI 5 1371-1629; SE 5 63.8) (Table 1) .
Site fidelity. A total of 176 cataloged individuals (n 5 492, 36%) showed some degree of site fidelity and were resighted from 2 to 29 times. Sixty-five individuals were seen on five or more occasions, and eighteen individuals were seen on ten or more occasions. Multiyear site fidelity was displayed by 28% (n 5 136) of the identified individuals. Long-term site fidelity (up to 5 yr 5 60 mo) was observed in a small number of individuals (n 5 23, 5%) (Fig. 3) . Individuals ZJ25 and ZJ29 were first documented in 2005 in DLL and subsequently resighted 7 and 8 times, respectively, in five different years in Leizhou Bay over a 7-year period. In addition, another 10 Chinese white dolphins were resighted between 71 and 86 months in the study area. Continued resightings of some dolphins substantiated the regular use of the study area by the animals.
Representative range and core area. Univariate kernel density estimates of home range were calculated for the 18 individuals with 10 or more sightings. The areas of individual ranging patterns for each dolphin differed in size and shape. The mean estimates of 95% KDE (representative range) and 50% KDE (core area) were 168.51 km 2 and 44.26 km 2 , respectively ( Table 2 ). Kernel density plots showed a home range of habitat use of one individual in DLL, NPL and NDZ, four individuals in NPL and NDZ, and one individual in NPL and DLL. The home range was split between two areas (NPL and NDZ, or NPL and DLL) for six individuals and three areas (DLL, NPL and NDZ) for two individuals. Relatively shallow waters near Nanping Island in Leizhou Bay and Nansan Island in Zhanjiang Bay, particularly near shallow sand beaches, appeared to be most frequently used by Chinese white dolphins, and there was extensive overlap in the home ranges for all individuals. Photoidentification data showed that animals moved among these two or three areas, indicating that a single population is present in the study area. Examples of individual ranging patterns of dolphins with 10 sightings or more are shown in Figure 4 . Through the individual range use analysis (Fig. 4) , we observed that the dolphins are a strictly inshore coastal and estuarine species most often found in waters less than 20 m deep and within 10 km of the coast.
Discussion
Mendez et al 12 proposed that the humpback dolphin genus includes at least four member species: the Atlantic humpback dolphin (Sousa teuszii), the Indo-Pacific humpback dolphin (Sousa plumbea), the Chinese white dolphin (Sousa chinensis), and a fourth yet-to-benamed Sousa species found off northern Australia. Estimates of population sizes available for selected areas around the world indicate that most humpback dolphin populations are small, with only a few hundred or dozens of individuals, except for the populations of the Pearl River Estuary and the Zhanjiang Chinese white dolphins (Table 3) . Several hundreds of Sousa teuszii were found in the waters of Canal do Gêba and Bijagos Archipelago in Guinea-Bissau. The 7, 15 . This makes the Zhanjiang Chinese white dolphin population the second largest in the genus Sousa and particularly of Sousa chinensis in the world, based on what is currently known.
Interannual site fidelity of Chinese white dolphins to the area off the eastern coast of Zhanjiang was reported in our previous study 7 . If we suspect that there are emigrant individuals leaving and immigrant individuals joining the Zhanjiang Chinese white dolphin population, we must ask where the emigrant individuals are going and where the immigrant individuals are coming from.
The distribution of Chinese white dolphins in the western section of the Pearl River Estuary extends from the mouth of Modaomen to the channel between Shangchuan and Xiachuan Islands 14 During these surveys, no sightings or incidental catches of Chinese white dolphin were reported by fishermen, and no Chinese white dolphins were sighted during the boat surveys. Although no attempt has been made to assess the genetic distinctiveness of the Zhanjiang Chinese white dolphin population, considering the high resighting rate of marked individuals in the study area and the absence of nearby populations of Chinese white dolphins to the north of Zhanjiang Bay and Leizhou Bay, emigration from or immigration to the PRE Chinese white dolphin population appears unlikely. The data suggest that the Zhanjiang Chinese white dolphin population is isolated from populations of conspecifics along the Guangdong coast and support the findings of this study that high site fidelity and long-term residence of Chinese white dolphins are well established in the study area.
The water quality in Leizhou Bay and the outer portions of Zhanjiang Bay is good overall; the Pearl River Estuary receives residential and industrial water discharges that are severely polluted with both sewage and industrial wastes. Most Grade IV and greater than Grade IV waters are concentrated in the Pearl River Estuary, with inorganic nitrogen and active phosphate being the main pollutants 16 . An ecosystem health assessment in the Pearl River Estuary shows that the ecosystem health index (EHI) over the last three decades has decreased from 0.91 to 0.50, indicating deterioration from healthy to unhealthy status 17 . Although a small portion of Leizhou Bay is lightly polluted by oil and inorganic nitrogen, the rest of Leizhou Bay is within Grade I or II of the National Seawater Quality Standards for China. The inner portions of Zhanjiang Bay suffer from inorganic nitrogen and reactive phosphorus pollutants and have water quality grades of IV or worse. Water quality in the outer portions of Zhanjiang Bay, where the Chinese white dolphins live, was assessed as Grade I or II per the national standards 16 . The coastal waters of Zhanjiang city are rich in fish, with more than 220 species 18 These projects may increase the lethal threats to Sousa chinensis in Zhanjiang Bay, such as deteriorating water quality, loss of the capacity of the habitat to provide critical resources for dolphins, and direct mortality and injury through boat strikes. Direct evidence supporting such concerns comes from the recent extinction of the baiji (Lipotes vexillifer) 21 and the rapid decline of the Yangtze finless porpoise (Neophocaena asiaeorientalis asiaeorientalis) 22 and the PRE Chinese white dolphin 23 , which are directly related to fast economic growth and large-scale developments. If not promptly protected, the Zhanjiang Chinese white dolphin population may follow its counterparts in the Pearl River Estuary and risk an unrecoverable collapse from inevitable habitat degradation. Therefore, the Zhanjiang population of Chinese white dolphins and its habitat deserve the highest degree of attention and protection.
In China, the Chinese white dolphin is listed as a Grade 1 National Key Protected Animal under the Wild Animal Protection Law approved in 1988. Three of the five populations of Chinese white dolphins are currently under the protection of national natural reserves. The PRE Chinese white dolphin population is protected by the Pearl River Estuary Chinese White Dolphin National Nature Reserve. The Xiamen and Beibu Gulf Chinese white dolphin populations are protected by the Xiamen Rare Species National Marine Nature Reserve and the Hepu Dugongs National Nature Reserve, respectively. Although a municipal nature reserve designation for the Chinese white dolphin population in Leizhou Bay was established by the Zhanjiang city government in 2007, the conservation effort for this dolphin population is insufficient in many Number of groups and group size in parentheses,
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aspects because the reserve does not have independent and permanent offices and full-time employees.
We have learned a profound lesson from the extinction of a marine mammal in the Yangtze River. The baiji, or Yangtze River dolphin (Lipotes vexillifer), found only in the Yangtze River, was declared ''functionally extinct'' in 2007 21 . The baiji experienced a catastrophic population collapse in recent decades, due largely to various extreme anthropogenic pressures 24 . The first estimate of baiji abundance based on quantitative survey data (1979-81) was approximately 400 animals 25 . At the time, we warned that in the absence of drastic protection measures, the baiji could be extinct in half a century. The same warning was repeated with heightened urgency in subsequent publications with additional survey data 26, 27 . Despite all of the efforts made to conserve the baiji since the early 1980s, the population declined drastically in less than 2 decades as rapid industrialization led to heavy river transportation traffic, over-fishing, and hydroelectric dam construction.
We hope that the loss of the baiji serves as a stern lesson and raises concerns regarding the safeguarding of the Chinese white dolphin population in the waters of Zhanjiang. We recommend the designation of a national nature reserve as an urgent measure to protect Chinese white dolphins in the waters of Zhanjiang. As we envision it, the national nature reserve would manage existing and future activities with higher impacts to maintain the viability of this dolphin population. This national nature reserve would also be an area with a greater degree of legal protection. Given these rights, the reserve could promote ecologically sustainable development to maintain, protect and restore key habitat features and to ensure that the ecosystem is sustained for the Chinese white dolphins. Study area and data collection. Leizhou and Zhanjiang Bays are subtropical bays of the northern South China Sea, located on the southernmost Chinese mainland, on the eastern coast of the Leizhou Peninsula. The study area included the nearshore waters of east Leizhou Peninsula, from the Jianjiang River mouth to Wailuo Town, including Leizhou and Zhanjiang Bays (110u379E, 21u119N; 110u319E, 20u369N) . The area includes approximately 1,500 km 2 along the coast (Fig. 1) . Leizhou Bay is located on the south end of Donghai Island; the water depth is 8-28 m. With an elongated beach, Nanping Island, approximately 7 km long and less than 1 km in width, lies near the south side of Donghai Island. Zhanjiang Bay (formerly known as Guangzhou Bay) is located on the north of Donghai Island.
Our To ensure maximal habitat coverage of the above regions, three principal areas were selected for boat-based surveys in 2011 and 2012: the Dongli village area in Leizhou Bay (DLL), the Nanping Island area in Leizhou Bay (NPL), and the Nansan and Donghai Islands area in and adjacent to Zhanjiang Bay (NDZ) (Fig. 1) . These areas were selected based on our previous line-transect surveys conducted throughout the entire region 7, 15 . Vessel-based surveys were conducted in permissible weather and marine conditions, with winds not exceeding 3 on the Beaufort scale, in a range of 5.5-15 km/h. Two or three researchers searched for dolphin groups (i.e., aggregations of dolphins with relatively close spatial cohesion and involved in similar behavioral activities 28 ), with one researcher on each side of the boat and the driver observing the forward area. Upon sighting a group of dolphins, the boat slowed to idling speed. One researcher photographed the individuals in the group, and the other recorded time, position, tidal changes, depth, salinity, temperature, group size, group composition, and predominant behavior. A sighting of a 'group' of 10 would count as 10 'dolphin sightings' and 1 'group sighting'. The predominant behavior was recorded as the activity displayed by the majority of the animals in the group, based on the initial observation. The dolphins photographed in the same group were considered associated. However, individual associations of humpback dolphins seemed unstable 7, 13 ; some individuals could appear in many different groups in one day. If individuals were rediscovered within the same day, the later groups containing the rediscovered individuals were excluded from analysis. Information on the boat's position was logged every 30 s with a Geographic Positioning System unit (Garmin GPSmap 60CSx, position accuracy: ,15 m; GARMIN Corporation, Lenexa, Kansas, USA).
Photographs were taken with a Nikon D3 equipped with an 80 mm to 400 mm zoom lens. Laboratory photo-analysis began with the initial sorting and identification of a collection of digital images 7 . Initial analysis and comparison of photographs were conducted via digital images on computers. Photographs were rated for quality, and those with the highest quality rating were compared manually to cataloged photographs. The best pictures of the identified dolphins were compiled into a catalog of all identified dolphins in the study area. All animals that had not been previously identified were given a unique catalog number.
Population abundance and mark-recapture population models. The population size was estimated assuming an open-population, using photo-ID data and the markrecapture method. The data sets from 2005 to 2012 were organized into nine events (Table 4 ) and were analyzed using the software program MARK v.7.1 29 , which uses Maximum Likelihood models to estimate population parameters 30 . Population parameters were estimated using the open-population POPAN parameterization 31 , where parameter N represents population, parameter w represents apparent survival rate, P is the probability of capture, and b denotes the probability of entry into the group. In model notation, the subscripts (t) and (.) represent time-dependent and constant parameters, respectively. The initial analysis was based on the fully timedependent/Cormack-Jolly-Seber (CJS) model {w t P t b t }. The first step in the analysis involves Goodness-of-Fit (GOF) tests for the CJS model, using the program RELEASE GOF 30 to validate model assumptions. Taking into consideration the biology of the species and the sampling method, 8 models were further constructed. The appropriate model for inference was selected using the Akaike Information Criterion (AICc) corrected for small sample sizes 32 . AICc weighs the deviance (quality of fit) and the precision based on the number of estimable parameters to select a model or models that best describe the data 33 . Models differing by less than two units from the model with the minimum AICc (DAICc) provide good descriptions of the data 32 . When more than one model provided a good description of the data, we followed the principle of parsimony and selected the model with the lower number of parameters as the most appropriate 34 . The mark-recapture population estimates apply only to the marked animals. Therefore, we calculated the total population size, N (total), using equation (1) N total~N =h where h is the proportion of marked individuals calculated within the area. The proportion of marked individuals, h, is the ratio between the cumulative number of dolphins identified and the total number of dolphins sighted during the study. Standard errors for the total population size were derived from the variance of N, given generally by equation (2) where n is the total number of marked individuals from which h was calculated. Confidence intervals for N total assumed the same error distribution as the markrecapture estimates 35 .
Site fidelity. We used the entire 7-yr (2005-2009, 2011-2012) collection of photographs to assess site fidelity. To investigate the presence of marked animals in the study area throughout the study period, we calculated: (i) the total number of sightings for each cataloged individual from all sighting data in the study area; and (ii) the minimum residence time or the maximum month interval between captures. To maintain data independence, we used only one sighting per day for each dolphin.
Representative range and core area. We used the kernel density estimation (KDE) to estimate utilization distributions (UDs). The fixed kernel density estimator uses probability density functions to identify areas of intense use 36, 37 . Animals with ten or more sightings were selected to calculate kernel density estimates of home range between 2005 and 2012. Using a geographic information system (GIS), global positioning system (GPS) coordinates for identified individuals were downloaded and converted to shapefiles (point layers) (ESRI, v. 9.3). Shapefiles were then analyzed for the ranging pattern using the kernel home range (KHR) analysis 38 . The fixed KHR with the least-squares cross-validation technique (LSCV) was used to create a 50% kernel and 95% kernel UD 39 . The 95% kernel was used for the overall occurrence estimations, and the 50% kernel was used for the core occurrence area estimation. Area calculations were based on a Universal Transverse Mercator (UTM) projection, zone 49 N.
